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This manuscript includes 6 figures and 2 tables.  

 

ABSTRACT 

Objective: To report the influence of transdermal delivery of asiatic acid (AA) in Plasmodium 

berghei-infected Sprague Dawley rats on physicochemical changes, %parasitaemia and associated 

pathophysiology. 

Methods: A topical once-off AA (5, 10, and 20 mg/kg)- or chloroquine (CHQ)-pectin patch was 

applied on the shaven dorsal neck region of Plasmodium berghei-infected Sprague Dawley rats (90-

120 g) on day 7 after infection. Eating and drinking habits, weight changes, malaria effects and 

%parasitaemia were compared among animal groups over 21 d.  

Results: AA-pectin patch application preserved food and water intake together with %weight gain. 

All animals developed stable parasitaemia (15%-20%) by day 7. AA doses suppressed parasitaemia 

significantly. AA 5 mg/kg patch was most effective.  AA and CHQ displayed bimodal time-spaced 

peaks. CHQ patch had a longer time course to clear parasitaemia.  

Conclusions: AA influences bio-physicochemical changes and parasitaemia suppression in dose 

dependent manner. In comparison by dose administered, AA has much better efficacy than CHQ. 

AA may be a useful antimalarial. AA and CHQ displays bimodal peaks suggesting possible 

synergism if used in combination therapy. 

 

 

1. Introduction 

 

Malaria still “rules the roost” in terms of the number of deaths it causes in children 

under five years and pregnant women, literally killing the unborn child[1,2]. The 

morbidities and mortality are caused by the parasite but much more by the 

pathophysiology of malaria or inadequate treatment, drug resistance and drug induced 

toxicities[3]. Convoluted treatment regimens of malaria and frequency of dosing 

contribute significantly to malaria management failure[4]. Oral drug delivery is the 

major route by which most medication (74%) is administered as well as the standard 

method by which efficacy of a therapeutic agent is determined although the efficiency 

of this system is inadequate[5]. Novel methods of drug delivery, therefore become 

necessary to improve drug bioavailability and therapeutic efficacy[6]. Transdermal drug 

delivery system (TDDS) (the patch) has emerged as one of the novel means by which 
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antimalarial drug may be delivered through the skin for systemic effects after 

overcoming the morphological, biophysical and physicochemical characteristic of the 

skin barrier[7]. Advantages of TDDS include non-invasiveness, reduced dosing 

frequency, reduction of first pass hepatic metabolism, therapeutic enhancement and 

maintenance of steady state of drug concentrations in plasma[8-10]. Studies are ongoing 

on optimization of TDDS which has been patented for insulin and chloroquine (CHQ) 

delivery in diabetes mellitus and malaria, respectively[11,12]. The use of TDDS in 

malaria treatment with CHQ in a murine malaria model of Plasmodium berghei (P. 

berghei) was suggested to improve efficacy and ameliorate malaria 

pathophysiology[13]. Experimentation with maslinic acid (MA) and oleanolic acid 

(OA) TDDS has been embarked on (unpublished data). Furthermore, an oral aqueous-

organic suspension of asiatic acid (AA, 10 mg/kg) has recently been shown to retard 

parasitaemia proliferation and a failure for %parasitaemia reach patent levels in a 21 d 

sub-chronic study[14] although the mode of action was not explored. AA is a triterpene 

with known anti-inflammatoryand antinociceptive[15], anti-hyperglycaemaia[16], 

immunoregulatory[17],  haemodynamic modulation[18], inhibition of aberrant cell 

proliferation[19], antioxidant and pro-oxidant[20,21], and lipid peroxidation 

ameliorative properties[22].  

The general principle of TDDS which makes it attractive in malaria treatment is the 

avoidance of single-pass hepatic metabolism and possible degradation that allows drugs 

to be delivered into the circulation directly, the smaller doses used and possible 

increased drug bioavailability in plasma. Buoyed by this knowledge, formulation (with 

some modifications) of an AA-pectin hydrogel matrix patch for the delivery of the 

amphiphilic triterpene via the skin was envisaged as an improved method for increased 

efficacy of the triterpene shown to be an effective suppressor of parasitaemia. The 

TDDS’s sustained and controlled release of curative molecules was hypothesized as 

possible with AA due to its relatively moderate solubility in aqueous environment and 

its amphiphilic nature. Consequently, in a bid to increase AA bioavailability, reduce 

dosing frequency with concurrent diminution of the delivered dose, we purposed to 

investigate the effects of TDDS delivered AA in P. berghei-infected young (90-120 

kg/kg) male Sprague Dawley (SD) rats. Here we present our findings on the influence 

of AA-pectin hydrogel matrix patch on food and water intake as well as %weight gain, 
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its effects on malaria pathophysiology and parasitaemia reduction in a sub-chronic (21 

d) study. 

 

 

2. Materials and methods 

 

2.1. Materials 

 

2.1.1. Drugs, chemical and accessories 

Different sources and suppliers were used for the procurement of drugs, chemicals 

and accessories but AA (>97% purity), Giemsa stain, dimethyl sulphoxide (DMSO), 

CHQ diphosphate were purchased from Sigma-Aldrich (St. Louis, Missouri, USA). All 

other chemicals and reagents were of analytical grade.  

 

2.1.2. Animals  

Male SD rats (90-120 g) were obtained from Biomedical Research Unit (BRU) at 

University of KwaZulu-Natal where they were bred and housed for the entire 

experiment period. The animals were kept under maintained laboratory conditions of 

constant temperature [(22±1) ℃ ]; CO2 (<5 000 ppm), humidity of (55±5)% and 

illumination (12 h light/dark cycles). The animals had full access to food, standard rat 

chow (Meadows Feeds, Pietermaritzburg, South Africa) and water ad libitum. Animals 

were sacrificed by isofor (100 mg/kg) inhalation anaesthesia (Safeline Pharmaceuticals, 

Rooderport, South Africa) in a gas chamber by day 12 (infected none treated) and by 

day 21 (non-infected and infected treated animals). All experiments and protocols used 

in this study were reviewed and approved by the animal ethics committee of the 

University of KwaZulu Natal (UKZN) with ethical clearance numbers 079/14/Animal 

and 013/15/Animal issued. 

 

2.1.3. Plasmodium murine malaria model 

CHQ-susceptible strain of P. berghei ANKA, murine malaria parasite was a kind 

donation from Professor Peter Smith (University of Cape Town, Division of Clinical 
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Pharmacology, South Africa). The parasite was sub-cultured, harvested and stored in a 

Bio Ultra freezer (Snijers Scientific, Tilburg, Netherlands) at -80 ℃ until use. 

 

2.1.4. Experimental protocol design 

Animals were inoculated at day 0, treated at day 7 and monitored up to day 12 for infected 

but non-treated control group (IC group) and day 21 for the  non-infected control group 

(NIC group) and AA groups including AA-pectin patch applied groups at 5, 10, and 20 

mg/kg doses . Animals groups sacrificed on day 0, 3, 9, 12, and 21. The protocol design was 

shown in Figure 1.  

 

2.2. Methods 

 

2.2.1. Induction of parasitaemia  

P. berghei [105 parasitized red blood cells (pRBC’s) suspension in saline] was used 

as an intraperitoneal (ip) inoculum[23]. Control animals received equivalent amount of 

saline. 

 

2.2.2. Parasitaemia monitoring 

Peripheral blood was obtained by tail prick method and thin smears of rat blood were 

used in monitoring parasitaemia. Malaria monitoring consisted of Giemsa staining of 

the thin smear and examination under a microscope (Olympus Cooperation, Tokyo, 

Japan). The actual number of pRBC’s relative to 2 ×104 RBC’s was used to calculate 

%parasitaemia[24]. Change in %parasitaemia was monitored at 72 h (pre-patent period), 

every third day up to day 7 (patent period)[25], every day during treatment period for 

five days and thereafter every other day post-treatment period until day 21.   

 

2.2.3. Evaluation of parasitaemia  

Appearance of parasites in the blood after ip inoculation takes 2-3 d[24]. Two set 

points were used in the study to determine the performance of the malaria model. These 

were time-point at which malaria parasites were first detected in peripheral blood (pre-
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patent) which was 72 h post-infection and a parasitaemia of 15%-20% on day 7, without 

intervention[26], signifying a stable state of severe malaria (SM).  

 

2.2.4. Preparation of pectin patches for transdermal delivery system 

Amidated pectin hydrogel matrix patches were prepared using a previously described 

protocol by Musabayane et al.[27], with slight modifications. Low methoxyl amidated 

pectin with a degree of esterification (DE) of 23% and an amidation of 24% was used 

for the preparation of the AA and CHQ patches. In separate beakers, water (110 mL) 

was used to dissolve either 30 mg/kg CHQ or AA (5, 10, and 20 mg/kg) with pectin (4.4 

g) and agitated at 37 ℃ in a water bath at a speed of 38× G using an electric motor 

mixing rotor (Heidolph instruments GmbH & Co. KG, Schwabach, Germany) for 15 

min. DMSO, vitamin E and eucalyptus oil were added to the mixture, sequentially with 

continuous mixing.  The mixture (11 mL) was pipetted into petri dishes and frozen at -

81 ℃ for 18 h, following which a 2% CaCl2 solution was added at room temperature 

(±25 ℃) for matrix cross-linking. The patches were stored at 4 ℃ until use. 

 

2.2.5. Application of the patch 

Three discs [(4±1) mm2] were punched out from the different AA concentration (5, 

10, and 20 mg/kg) patches or CHQ (30 mg/kg) and applied once-off onto the shaved 

dorsal region of the animal from day 7 to day 10 (three days). The jacket holding the 

patch in place was made from clinically sterile adhesive fabric plaster (Mediplast, 

Neomedic, Rickmansworth, and Herefordshire, UK) which caused no discomfort to the 

animals. The dorsal neck region was selected because it was the least accessible to the 

animal grooming habits and avoided removal of the patch by the animal. The TDDS 

aimed at reducing phytochemical amount delivered to the animal, dosing frequency, 

treatment duration and general animal discomfiture. A theoretical total AA yield of 

patch was estimated at 1 µg/per disc for 5 mg/kg AA dose and 3 µg was administered, 

therefore, per animal once-off to provide five day treatment. Other doses were multiples 

of this calculation.  

 

2.2.6. Influence of AA-pectin patch application on %parasitaemia 
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A comparison was made between the different doses of topical AA (5, 10, and 20 

mg/kg)-pectin patch, 30CHQ-pectin patch and the IC on changes of %parasitaemia over 

the 21 d period.  

 

2.2.7. Haematological analysis 

All animals were sacrificed by exposing to isofor (100 mg/kg) inhalation anaesthesia 

(Safeline Pharmaceuticals, Rooderport, South Africa) on day 0, 9, 12 and at the end of 

the study at day 21. Blood samples were collected by cardiac puncture into Na2EDTA 

tubes for whole blood analysis.  Liver, kidney, muscle and heart were removed, snap 

frozen in liquid nitrogen and stored together with the plasma in a Bio Ultra freezer 

(Snijers Scientific, Tilburg, Netherlands) at -80 ℃until use in other studies.  

 

2.2.8. Influence of AA-pectin patch on inflammation 

Whole blood was analysed in a haematology four part white cell count (WBC) 

differential analyser (Coulter-Bachmann,). WBC levels were used to estimate 

inflammatory response to malaria in AA-pectin patch applied animals, the NIC, IC and 

CHQ-patch treated groups over time (21 d). 

 

2.2.9. Influence of AA on inflammation in malaria C-reactive protein (CRP) 

Inflammation is the bed rock to malaria pathophysiology. To indicate the influence 

AA (10 mg/kg) on inflammation, CRP was estimated using the Elabscience Rat hs-CRP 

(High Sensitive C-Reactive Protein) ELISA kit Catlog No: E-EL-R0506 (Elabscience 

Biotechnology Co. Ltd ELISA, Wuhan, P.R.C.) according to the manufacturer’s 

instruction. 

 

2.2.10. Influence of AA on severe malaria anaemia (SMA) 

Anaemia presents as a low red blood cell mass relative to plasma. Haematocrit (Hct) 

is a compartmentalization of cellular components of whole blood expressed as a 

percentage such that the lower the percentage, the more severe the anaemia. Hct, 

therefore, as a surrogate marker for SMA was compared amongst the groups of topical 

AA (5, 10, and 20 mg/kg)-pectin hydrogel matrix patch applied, 30CHQ-pectin matrix 

patch treated, the NIC and the IC groups. 
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2.3. Statistical analysis 

 

Unless otherwise stated, data was presented as standard error of the mean (SEM). 

Statistical comparisons performed by one way analysis of variances (ANOVA), 

followed by Tukey-Kramer multiple comparison ad hoc test using Graph-pad InStat 

Software (version 5, GraphPad Software, San Diego, California USA). A P<0.05 was 

considered statistically significant difference. 

 

 

3. Results 

 

3.1. Influence of AA on bio-physicochemical properties 

 

Results of animals applied a once-off topical AA (5, 10, and 20 mg/kg)-pectin 

hydrogel matrix patch on changes of eating, drinking habits and %weight gain during 

the 21 d sub-chronic study were shown in Figure 2A, 2B and 2C. AA-pectin patch 

significantly preserved food and water intake together with increased %weight gain 

compared to IC and 30CHQ patch (P<0.05, respectively) during the treatment period. 

Compared to 30CHQ patch, IC significantly decreased food and water intake as well as 

%weight gain (P<0.05) by day 12. Compared to the NIC, 30CHQ patch had 

significantly decreased food and water intake as well as %weight gain (P<0.05) by day 

21.  

 

3.2. Validation of parasitaemia 

 

Comparison of the various time points against the animal groups’ %parasitaemia was 

shown in Table 1. AA (5, 10, and 20 mg/kg)-pectin patch application had significantly 

higher %parasitaemia at day 7 compared to the 30CHQ-pectin patch treatment 

(P<0.05). Compared to the IC, AA (5, 10, and 20 mg/kg)-pectin patch had significantly 

lower %parasitaemia at peak period (P<0.05). Time to peak %parasitaemia was 

significantly longer in 5AA, 10AA and 20AA -pectin patch application than 30CHQ-
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pectin patch treatment (P<0.05). AA (5 mg/kg)-pectin patch had a significantly lower 

peak %parasitaemia compared to 30CHQ-pectin patch (P<0.05). Compared to the IC, 

30CHQ patch had a significantly lower peak %parasitaemia (P<0.05). Parasitaemia 

suppression continued until parasites were non-detectable by microscopy at day 18 for 

5AA administered animals but persisted in 30CHQ treated animals. 

 

3.3. AA-pectin patch application influence on % parasitaemia 

 

A comparison ofthe influence of AA-pectin patch with controls was given in Figure 

3. AA (5, 10, and 20 mg/kg)-pectin patch significantly reduced parasitaemia compared 

to IC (P<0.05) at all relevant time points. In comparison to the 30CHQ-pectin patch 

treatment, AA (5 mg/kg)-pectin patch significantly lowered parasitaemia (P<0.05) at all 

pertinent time points. Compared IC, 30CHQ patch had significantly lower 

%parasitaemia (P<0.05) at day 10 and 12. AA and CHQ administration displayed 

significantly different bimodal peak parasitaemia time points. 

 

3.4. AA-pectin patch application and %parasitaemia-time area under the curve (AUC) 

 

Area under the curve for %parasitaemia and time [AUC(0-21 d)] showed the time 

course of AA administration relative to controls. A comparison of the time-course 

influence of AA on malaria was made in Figure 4. AA (5 mg/kg)-pectin patch displayed 

significantly lower AUC(0-21 d) compared to the ICAUC(0-12 d) (P<0.05). Compared to the 

30CHQ, AA (5, 10 mg/kg)-pectin patch had significantly lower AUC(P<0.05). Despite 

a shorter time period, ICAUC(0-12 d) was equal to 10AA AUC(0-21 d). 

 

3.5. AA-pectin patch influence on inflammation 

 

WBC count showed the presence or absence of immune response and/or 

inflammation. The effect of AA-pectin patch application on WBC counts over the 21 d 

study was compared to control in Table 2. At relevant time points AA (5, 10 mg/kg)-

pectin patch significantly reduced WBC count compared to IC (P<0.05). AA (5 mg/kg)-

pectin patch reduced WBC count significantly in comparison to 30CHQ (P<0.05) at all 
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relevant time points. AA (10, 20 mg/kg)-pectin patch decreased WBC count 

significantly compared to 30CHQ (P<0.05). Compared to the IC, 30CHQ patch had 

significantly higher WBC count (P<0.05) at all relevant times.  

 

3.6. Plasma CRP 

 

CRP depicted the presence or absence of inflammatory response in malaria. The 

influence of 10AA on CRP concentration compared to controls in Figure 5. The 10AA 

administration reduced CRP concentrations significantly compared to the IC and CHQ 

treated animals (P<0.05). There was no relative change in NIC compared to either the 

NIC or the CHQ. 

 

3.7. AA-pectin patch influence on SMA 

 

Haemtocrit was a positive indicator of anaemia presence. The influence of AA (5 

mg/kg)-pectin patch on Hct over the duration of the study was made in Figure 6. 

Compared to the IC, AA (5 mg/kg)-pectin patch significantly preserved Hct (P<0.05) 

during treatment and post treatment periods. AA (5 mg/kg) preserved Hct compared to 

30CHQ (P<0.05) at all relevant time points. The 30CHQ patch had significantly lower 

Hct compared to the NIC (P<0.05) (Figure 6). 

 

 

4. Discussion 

 

Natural AA has relatively moderate dissolution factor in aqueous media that 

subsequently results in low bioavailability when administered by the oral route[28]. 

Pursuant to the quest of increasing the bioavailability of AA, a novel method of 

delivering the phytochemical in P. berghei-infected SD male rats was developed in this 

study. 

Using young, 6 weeks old SD rats (90-120 g) which displayed SM, SMA and in some 

CM[26,29]  topical application of AA (5, 10, 20 mg/kg)-pectin hydrogel matrix patch 

suppressed parasitaemia to undetectable levels by day 21 post infection and preserved 
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the biophysical properties of the animals in the face of SM infection. Preservation of 

eating and drinking habits by TDDS AA administration may have had profound effect 

on the pathophysiology in general. This phenomenon is corroborated by findings that 

pre-infection AA 10 mg/kg oral administration retarded patent parasitaemia 

development with P. berghei infection[30]. In a similar report, post-infection AA (10 

mg/kg) influenced glucose metabolism favourably[31]. The %parasitaemia showed 

bimodal peaks with 30CHQ and AA-pectin patches showing peaks at day 10 and 12, 

respectively. AA5-pectin patch displayed a significantly lower %parasitaemia-time area 

under the curve [AUC(0-21 d)]. Of note is that even though the IC animals were sacrificed 

by day 12 the %parasitaemia-time course was markedly higher to that of 5AA and 

10AA AUC(0-21 d), but equal to 20AA AUC(0-21 d) showing that the administration of AA 

may have influenced this phenomenon. Indeed, this was also apparent with CHQ 

treatment which posted comparable AUC(0-21 d) to 10AA which was significantly higher 

that the 5AA AUC(0-21 d). Compared to the 30CHQ patch, the drug load and efficacy 

ratio was favourable towards 5AA, equal to 10AA and lower for 20AA when the 

phytochemical was administered by TDDS. The disparity observed needs further clarity 

through more investigations with special emphasis on the molecular dynamics and 

interactions of key proteins in the malaria parasite to AA. 

Infection effectuation by an ip inoculation of 105 pRBC’ssaline suspension resulted in 

SM indicated by decreased Hct in the IC. There was a clear distinction of the influence 

of AA-pectin patch on SM when comparing to changes from day 7-21. In malaria, 

anaemia changes precede the actual overt malaria with low blood count indices and 

increased plasma volume from increased fibrinogen synthesis by the liver to 

counterbalance low whole blood viscosity by increasing plasma viscosity resulting in 

little to insignificant change of whole blood viscosity in SMA with characteristic 

hyovolaemia[32]. This is in agreement with observations that the rapture of pRBC’s 

upon merozoite release play minor role in the early induction of anaemia which is 

contributed mainly by the loss of npRBC’s[33] and impaired erythropoiesis[34]. 

Dyserythropoiesis on its own, however, may likely contribute little in SM aetiology[35]  

but will be a critical and predominant feature in chronic carriage of the parasite[36] 

where the haemodynamics studies revealed an initial hypovolaemia followed by 

hypervolaemia and normovolaemia[32]. Parasitaemia clearance does not automatically 
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normalise Hct which may continue to fall[37] suggesting that other factors may be at 

play in the orchestration of malaria anaemia with increased destruction of RBC’s and 

decreased synthesis. The production of hemozoin, a haemoglobin biocrystallization 

product, has also been implicated in immunological responses and bone marrow 

dyserythropoiesis[38] and cellularity manipulation towards myeloid lineage cell 

proliferation resulting in the erythroid lineage cell hypoplasia with consequent reduction 

in some haematological indices[39,40]. The observed Hct reduction, followed by 

subsequent resolution of SMA through AA intervention, is usually a chronic malaria 

processes in human beings. 

Stretching the imagination somewhat, the 7th day when patent malaria was observed 

may actually be a chronic infection of 186.9 d[41], if the rat age to human conversion 

theorem is anything to go by[42]. Therefore, the anaemia displayed by Hct may have 

been a reflection of chronic anaemia of malaria which was controlled by the application 

of the AA-pectin patch. Furthermore, the reduced food intake,which may have been 

contributed by malaria anorexia and bitterness of CHQ[43], could have caused the 

reduction in Hct in IC and CHQ-pectin patch treated animals, respectively. While the 

TDDS of CHQ could have bypassed the gut where the bitter substance-sensing 

receptors lie, the entero-hepatic circulation may bring the drug into contact with the 

receptors several times over, with possibly the same effect. Consequently, animals 

treated with CHQ may tend to have appetite suppression which may be worsened by 

reduced drug inficacies. This understanding may counteracts earlier assertions that 

TDDS CHQ delivery camouflages the bitterness of the drug that could reduce 

compliance with treatment[7]. This may highlight the need to punctuate treatment with 

parenteral feeding when TDDS CHQ is used in malaria taking into consideration as well 

the hypoglycaemic effect of CHQ[44,45].   

Administration of AA-pectin patch showed that the lower dose of AA (5 mg/kg) 

reduced %parasitaemia as well as inflammation) and reduced leucocytosis to a 

significantly greater extent than the other two doses and 30CHQ. While there are 

possibly many reasons for this phenomenon, two speculative explanations are in order. 

First, the loading dose of AA in the pectin, although lower, may allow for a faster 

release of the phytochemical, accumulating relatively earlier in plasma than higher 

doses. However, diffusion kinetics will rather instruct that higher solute concentration 
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have a higher capacity of delivery than the lower ones. Second, the higher doses 

carrying patches may result in the delivery of higher AA concentration to the extent that 

the antioxidant and pro-oxidant capacity of AA may favour parasite proliferation than 

its eradication. On the other hand lower patch with a lower dose may just deliver an 

optimum amount of AA to overwhelm parasite defences. Indeed, inflammatory 

processes in malaria are pivotal in the marshalling malaria pathogenesis. Inflammatory 

cytokines [macrophage migration inhibitory factor (MIF), tumour necrosis factor-α 

(TNF-α), IFN-γ, IL-12] may contribute to protection or pathology depending on 

production site, production timing, produced levels together with the presence or 

absence of immunoregulatory, e.g. cytokine IL-10[46,47]. Unregulated expression of 

iNOS may result in vascular permeability, aberrant reactive oxygen species (ROS) 

production, peroxynitrite (ONOO-) synthesis, sodium wasting. These lead to 

hypovolaemia and generalised tissue damage with multi organ failure, which are 

common in malaria. Stress is a common phenomenon in malaria which upregulates 

cortisol synthesis driven most likely by βHSD-1 with increases in gluconeogenesis and 

increase in glucose concentration[48] that increases oxidative stress (OS). Anorexia-

induced cachexia invariably increases lipid breakdown and hyperlipidaemia 

upregulating HMG CoA reductase. Taken together, the anti-inflammatory, 

immunomodulatory, antioxidant, anti-hyperlipidaemic, and pro-oxidant properties if 

AA may have formulated the combined mechanism by which the phytochemical 

suppressed parasitaemia and ameliorated malaria pathophysiology. 

The concept of inflammation in malaria was well articulated by the influence of AA 

(5, 10, and 20 mg/kg)-pectin patch application where both %parasitaemia, WBC count 

and CRP were proportionally and progressively linked at corresponding time points. A 

fall in %parasitaemia was associated with a concomitant fall in WBC count and 

indirectly showing a decrease in inflammatory response. This may be plausible if 

inflammation may be regarded as a result of parasite antigen presentation to the innate 

immune system with subsequent production of inflammatory mediators that drive the 

cycle of more parasite production leading to more inflammation. The concentration of 

CRP throughout sub-chronic study indicated acute inflammation at day 12 that 

coincided with peak %parasitaemia, declining critically showing abrogation of 

inflammation or inflammatory insult by 5AA-pectin patch. Therefore, intervention that 
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either infringes upon either the parasite or the inflammatory cascade or both may 

invariable cause a decline of the other by mutual association. In like manner, AA-pectin 

patch may have influenced both or either as we have observed a decline in 

%parasitaemia that has a reciprocal dose dependent with the least dose being the most 

efficacious of the three doses. However, the question of which parameter is affected 

first and then influence the other is fundamental in unravelling the effect of AA in 

malaria, or whether these are parallel processes. 

The anti-inflammatory effect of AA has been reported in animal models and cell 

lines[49]. The 5AA-pectin hydrogel patch in decreasing WBC count and CRP was 

either influenced by a decrease in parasitaemia through abrogation of inflammation or 

retraction of inflammation from the disease milieu could have led to a decrease in 

parasitaemia. Similar phenomenon with AA has been shown where it induced activated 

T cell apoptosis to control fulminant hepatitis[17].  

The pharmacodynamics of AA5 may be that the patch slow release maintained 

plasma AA concentration exerting both oxidative and the antioxidant effects 

concurrently. Hypothetically, the ratio of the oxidant and antioxidant capacity may 

dictate which facet of AA predominates. At medium (10 mg/kg) and higher (20 mg/kg) 

doses, TDDS may deliver higher levels of AA which may be toxic and exacerbate 

disease. This may account for the lower dose (5 mg/kg) being more effective compared 

to the medium and higher doses. Furthermore, WBC count was lowered in a dose 

dependent manner with the 20AA-pectin patch displaying the least count corresponding 

to a higher %parasitaemia-time AUC(0-21 d) and lower %parasitaemia post treatment 

decline.  Moreover, AA has been observed to induce cytotoxic apoptosis and cell arrest 

in human breast cancer through the activation of extracellular signalling kinase (ERK) 

and p38 mitogen-activated protein kinase (p38MAPK)[50], which may be the process 

by which lowed WBC count were observed with 20AA-pectin patch. However, the 

exact anti-disease mechanism of 5AA-pectin patch needs further research. 

While the formation of ROS, nitric oxide (NO) and ONOO- may abate and reduce 

inflammatory response, host immune system necessary for phagocytosis of pRBC’s, 

may be compromised through WBC depletion with lowered antimalarial efficacy. This 

may, however, not explain how the lower dose of AA (5 mg/kg) had a higher 

antimalarial efficacy in TDDS when the higher doses did not, contrary to our 
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anticipation had lower efficacy. With oral AA administration it was observed in recent 

studies that the medium dose (10AA) was most efficacious in retardation of 

parasitaemia progression and control of malaria pathophysiology[14]. 

Bimodal peaks in %parasitaemia were conspicuous in this study. Treatment with 

30CHQ patch had a steep rise in parasitaemia peaking at day 10 and gradually 

descending. On the other hand, AA-pectin patch displayed a reciprocal packing order 

with %parasitaemia precipitously decreasing in animals to which 5AA-pectin patch was 

applied. The shorter application time of three days for both AA and CHQ, compared to 

the five day treatment of twice daily dosing with CHQ and once daily with AA in po 

administration, portrayed a possible superior efficacy of TDDS in malaria. The bimodal 

peaks may show that the two compounds have different pharmacodynamics which 

could work well as double or triple combination therapy to avert drug resistance and 

prolong the useful life span of novel antimalarials[2].  

In conclusion, our data demonstrates AA influence on % parasitaemia in murine 

malaria of SD rats. AA may have both anti-parasitic and anti-malarial disease activities 

supressing the parasite while ameliorating infection-induced pathology. Administration 

of AA post-infection suppressed parasitaemia by TDDS with the AA5-amidated pectin 

hydrogel matrix patch showing the most efficacy in  anti-inflammatory response 

suppression, SMA amelioration and general physicochemical properties outcomes. This 

may suggest that the 5AA-pectin patch may have both anti-parasitic and anti-disease 

facets necessary for a wholesome approach to malaria treatment seeing that no other 

supportive treatment was given to these animals besides patch application. The display 

of two distinct peak times in %parasitaemia progression may be attributable to different 

modes of action of the two compounds at the experiments concentrations and dosing 

regimens.  Preservation of food and water intake, as well as increase in %weight gain in 

5AA-pectin patch applied animals may indicate that the animals’ appetite was not 

affected by sickness behaviour seen to be common in inflammatory and cachectic 

conditions like malaria. 
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Figure 1. Flow diagram for the experimental protocol and design.  

30CHQ was the 30 mg/kg CHQ TDDS treated group. 

 

Figure 2. Comparison of AA influence on food intake, water take and %weight change over 21 d 

period (n=6).  

IC was infected but non-treated control group; NIC was non-infected control group; 30CHQ was the 

30 mg/kg CHQ TDDS treated groups; 5AA, 10AA and 20AA represented AA-pectin patch applied 

groups at 5, 10, and 20 mg/kg doses, respectively. A: food take; B: water take; C: %weight. *P<0.05, 

compared to IC; #P<0.05, compared to 30CHQ patch.  

 

Table 1 

Comparison of %parasitaemia at different time points among animal groups (n=6).  

Protocol Dose Pre-patent  

parasitaemia 

(h) 

%parasitaem

ia day 3 

 

%parasitaemia 

day 7 

parasitaemia at 

peak (%) 

Peak 

period 

(d) 

Parasitae

mia 

suppressio

n (d) 

Post-

infection  

TDDS 

administr

ation 

IC 72 3.5±0.6 13.0±3.3 73.3±6.7 N/A N/A 

30CHQ 72 2.3±0.3 10.3±1.1 45.7±1.8* 9 21> 

5AA 72 3.9±2.2 21.3±3.7# 24.5±2.6*# 12# <18 

10AA 72 1.9±0.8 18.4±3.7# 43.6±4.5* 12# 18 

20AA 72 2.6±2.4 12.4±4.6 47.5±3.4* 12# 18> 
*P<0.05, compared to IC; #P<0.05, compared to 30CHQ.  

 

Figure 3. TDDS AA influence on %parasitaemia compared to controls (n=6).  
*P<0.05, compared to the IC; #P<0.05, compared to CHQ control.  

 

Figure 4. Area under the %parasitaemia-time curve [AUC(0-21 d)] for %parasitaemia in the pre-

infection AA transdermal delivery system AA administration protocol (n=6).  
*P<0.05, compared to the IC; #P<0.05, compared 30CHQ control.  

 

Table 2 

Comparison ofWBC count at pre-patent, patent, treatment and post-treatment periods amongst the 

different animal groups (n=6).   

Protocol 

 

Dose Pre-patent  

period WBC 

Patent period 

WBC 

 

Treatment period 

WBC 

Post-treatment 

period WBC 
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Post-

infection 

TDDS 

treatment 

NIC 4.6±0.3 4.4±0.2 4.4±0.2 4.4±0.2 

IC 4.5±0.3 14.6±0.5 48.2±3.3 N/A 

30CHQ 4.8±2.8 17.6±3.5α 36.1±4.9α 10.8±1.9α 

5AA 4.7±0.8 7.1±1.9*# 6.8±0.1*# 4.5±0.3# 

10AA 4.7±0.1 10.7±1.6*# 25.8±2.5*# 3.4±3.1# 

20AA 4.3±0.1 14.9±3.2α 34.9±4.3*# 2.5±0.2#α 
αP<0.05, compared to NIC; *P<0.05, compared to IC; #P<0.05 compared to 30CHQ.  

 

Figure 5. Changes of CRP concentration in 10AA administered animals compared to controls. 
αP<0.05, compared to the NIC; *P<0.05, compared to IC; #P<0.05, compared to CHQ. 

 

Figure 6. Comparison of AA-pectin patch application influence on Hct amongst the different animal 

groups (n=6).  
*P<0.05, compared to IC; #P<0.05, compared to 30CHQ.  
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Figure 1. Flow diagram for the experimental protocol and design. 

30CHQ was the 30 mg/kg CHQ TDDS treated group.
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Figure 3. TDDS AA influence on %parasitaemia compared to controls (n=6). 
*P<0.05, compared to the IC; #P<0.05, compared to CHQ control. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Figure 4. Area under the %parasitaemia-time curve [AUC(0-21 d)] for 

%parasitaemia in the pre-infection AA transdermal delivery system AA 

administration protocol (n=6). 
*P<0.05, compared to the IC; #P<0.05, compared 30CHQ control. 
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Figure 5. Changes of CRP concentration in 10AA administered animals compared 

to controls.
αP<0.05, compared to the NIC; *P<0.05, compared to IC; #P<0.05, compared to 

CHQ.
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Figure 6. Comparison of AA-pectin patch application influence on Hct amongst the 

different animal groups (n=6). 
*P<0.05, compared to IC; #P<0.05, compared to 30CHQ. 


